Recent molecular phylogenetic analyses suggest a close relationship between two worm-shaped phyla, the nonsegmented Sipuncula (peanut worms) and the segmented Annelida (e.g., earthworms and polychaetes) [1] [2] [3] [4] [5] . The striking differences in their bodyplans are exemplified by the annelids' paired, ladder-like ventral nervous system, which contains segmentally arranged ganglia, and the sipunculans' single ventral nerve cord (VNC), which is devoid of any segmental structures [6, 7] . Investigating central nervous system (CNS) formation with serotonin and FMRFamide labeling in a representative sipunculan, Phascolosoma agassizii, we found that neurogenesis initially follows a segmental pattern similar to that of annelids. Starting out with paired FMRFamidergic and serotonergic axons, four pairs of associated serotonergic perikarya and interconnecting commissures form one after another in an anterior-posterior progression. In late-stage larvae, the two serotonergic axons of the VNCs fuse, the commissures disappear, and one additional pair of perikarya is formed. These cells (ten in total) migrate toward one another, eventually forming two clusters of five cells each. These neural-remodeling processes result in the single nonmetameric CNS of the adult sipunculan. Our data confirm the segmental ancestry of Sipuncula and render Phascolosoma a textbook example for the Haeckelian hypothesis of ontogenetic recapitulation of the evolutionary history of a species [8] .
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Results and Discussion
Ontogenetic Establishment of the Segmented Sipunculan CNS Despite their proposed close phylogenetic relationship [1] [2] [3] [4] [5] , annelids and sipunculans differ significantly from each other in that most annelids exhibit a typical segmented body with metamerically arranged appendages, commissures interconnecting two ventral nerve cords (VNCs), and paired sets of ganglia, whereas sipunculans lack any trace of metamerism and have only a single VNC. Using antibodies against the neurotransmitters serotonin and FMRFamide, we found that neurogenesis in Phascolosoma starts in the anterior region with the larval apical organ and the subsequently developing paired serotonergic and FMRFamidergic axons of the VNC. Slightly later, one pair of serotonergic perikarya associated with the serotonergic portion of the VNCs appears ( Figure 1A ). As development and growth along the anteriorposterior axis of the animal proceeds, a second pair of ventral perikarya arises ( Figure 1B ). In the following stages, the entire neural architecture of Phascolosoma is elaborated, resulting in a complex anterior nervous system that shares numerous features with annelid larvae. These include a (larval) serotonergic prototroch nerve ring, a (larval) apical organ comprising several serotonergic cells, the early anlage of the adult brain, and an oral nerve ring ( Figures 1C and 1D ). Most notable and important, however, is the successive formation of two additional pairs of serotonergic perikarya associated with the serotonergic axons of the VNCs, together with three serotonergic and FMRFamidergic commissures that interconnect the respective axons of the VNC ( Figure 1B , inset, and Figures  1C-1F ). This results in a segmental central nervous system (CNS) comprising four metamerically arranged pairs of serotonergic perikarya along the VNCs of the late-stage Phascolosoma larva ( Figure 2A and Figure 3 ). Interestingly, only one pair of FMRFamidergic perikarya is found to be associated with the FMRFamidergic VNC ( Figure 1F ).
Annelid segmentation is not typified simply by the repetitive arrangement of organs along the longitudinal body axis but, more specifically, by their successive formation mode in a strict anterior-posterior progression; this indicates the presence of a posterior growth zone from which the segmentally arranged organs are budded off [9] [10] [11] [12] [13] . With the increasing molecular evidence for an annelid-sipunculan assemblage [1] [2] [3] [4] [5] , the question of whether the last common ancestor (LCA) of both taxa was segmented or not is still open because within Lophotrochozoa (animals with a ciliated larval stage in their life cycle), a segmented nervous system had been known only in annelids, including echiurans (spoon worms, a group of marine worms believed to nest within the annelid phylum) [1-5, 12, 14, 15] . Our findings fill this gap in knowledge by providing the hitherto-lacking proof of a segmented ancestry of the sipunculan nervous system [16] , thus strongly arguing in favor of a segmented annelid-echiuran-sipunculan LCA.
Ontogenetic and Evolutionary Loss of the Segmental Sipunculan CNS
The fully developed segmented nervous system of the larva of Phascolosoma agassizii comprises four pairs of serotonergic perikarya and three serotonergic and FMRFamidergic commissures interconnecting the VNCs ( Figures 1D, IF , 2A, and 3D). As the larva approaches metamorphic competence, the two serotonergic axons of the VNCs fuse, the serotonergic commissures disappear, and a fifth pair of serotonergic perikarya is formed ( Figure 2B ). Together with subsequent cellular migratory processes, this eventually results in a CNS consisting of a single serotonergic VNC, which only retains its paired character in the anterior-most region where it connects to the brain, as well as two neural cell clusters comprising five perikarya each ( Figures 2C and 3E) . Accordingly, the segmental serotonergic neural architecture is lost prior to the onset of metamorphosis of the Phascolosoma larva. At this stage, the three FMRFamidergic commissures are still discernable, although the two FMRFamidergic axons of the VNCs lie in much closer proximity to each other than in the previous larval stages ( Figure 1F ). Initially paired ventral serotonergic nerves that fuse during development have recently been described for another sipunculan, Phascolion strombi. Although this species did not show unambiguous signs of segmentation during its ontogeny (a fact that is probably due to its shortened larval phase), the transitional occurrence of three FMRFamidergic commissures in late P. strombi larvae indicates cryptic remnants of a oncesegmented CNS in this species as well [17] .
The findings of earlier morphological and developmental studies proposing a taxon comprising Sipuncula and Mollusca [18] have recently been rejected by a number of molecular analyses that clearly argue for an annelid-echiuran-sipunculan clade [1] [2] [3] [4] [5] 16] . Accordingly, novel data on CNS formation in these groups cast new light on the evolution of annelid segmentation. Although the architecture of the adult annelid CNS seems to be quite plastic, ranging from one to five VNCs [19] , neurogenesis consistently starts with an anterior neuropil (the predecessor of the brain) and one pair of serotonergic and FMRFamidergic axons in the VNCs, irrespective of the number of VNCs that are present in the adult stage [20] [21] [22] [23] . This is congruent with the findings on echiuran and sipunculan neurogenesis and suggests that a paired ventral CNS was also present in the LCA of these three groups. However, various kinds of independent fusion and duplication events have taken place during evolution, accounting for the phenotypic plasticity of the adult CNS that is encountered in these worm-shaped animals today.
In many annelids, ganglia and commissures are commonly formed after the establishment of the first rudiments of the paired VNC. Development of these commissures and ganglia is strictly directional and follows an anterior-posterior progression, a fact that is typically assigned to the presence of a posterior growth zone [9, 10, 24, 25] , and that eventually leads to the typical ladder-like metameric annelid ventral CNS. Although rather obvious in ''typical'' (e.g., polychaete) annelids, indications for the segmental ancestry of the echiurans are much more subtle and were only revealed recently by studies of their neural development [12, 14, 15] . As such, echiurans exhibit a double-stranded VNC in early larval stages similar to the annelids [12] . Although these nerve cords fuse during subsequent development, the associated perikarya form in anterior-posterior succession until the juvenile neural bodyplan is established [12, 14, 15] . Thus, although modified, the segmental origin of the echiuran CNS can still be recognized in the adult stage by the metameric arrangement of the perikarya associated with the VNC. Moreover, cell-proliferation markers indicate an annelid-like posterior growth zone in Bonellia viridis, thus further strengthening the evidence for the segmented origin of echiurans [15] . In sipunculans, reduction of neural segmentation traits has progressed even further than in echiurans, resulting in a CNS that is devoid of any metameric structures in the adult stage ( Figures 2C and 3E) . the segmental origin of Sipuncula. Accordingly, Phascolosoma confirms the Haeckelian notion that cryptic character states, which have been lost during evolution in the adult bodyplan, may have been conserved during ontogeny [8] , thus stressing the importance of developmental studies for the reconstruction of ancestral bodyplan features of metazoan clades.
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